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The interaction between dendritic cells and regulatory T cells is critical for the maintenance of self-tolerance.
In this issue of Immunity, Sarris et al. (2008) find that Neuropilin-1 contributes to the prolonged interaction of
regulatory T cells with dendritic cells.Immature dendritic cells (iDCs) are
thought to play a crucial role in themainte-
nance of self-tolerance by presenting self-
antigen and inducing unresponsiveness of
T cells, as well as by their ability to induce
or expand regulatory T (Treg) cells. The
naturally occurring CD4+CD25+ Treg cells
have been shown to suppress autoim-
mune responses. The forkhead-winged
helix transcription factor Foxp3 programs
thedevelopment and functionof Tregcells
and is now the most reliable marker of
these cells. Although several environmen-
tal factors are involved in tolerogenicity of
DCs, there is also accumulating evidence
that Treg cells have important roles for
conferring the tolerogenic functions of
DCs (Hubert et al., 2007).
The suppressive mechanisms of Treg
cells are under scrutiny, with multiple
modes of action proposed, including
mechanisms dependent on cell-cell con-
tact and/or cytokines. Treg cells could
act on DCs to reduce their ability to prime
T cells by inducing the secretion of sup-
pressive cytokines such as IL-10 and
TGF-b (these Treg cells have been classi-
fied as Tr1 cells and Th3 cells, respec-
tively) or by stimulating DCs to produce
indoleamine 2, 3-dioxygenase (IDO) for
the decrease of tryptophan metabolism.
Furthermore, intravital imaging studies of
Treg cell dynamics in autoimmune-dis-
ease models have shown that Treg cells
make stable contact with antigen-bearing
DCs that precedes the contact of antigen-
specific naive helper T (Th) cells with DCs
and inhibits Th cell activation (Tadokoro
et al., 2006; Tang et al., 2006). These find-
ings suggest that DCs are central to Treg
cell function; however, it remains unclear
howTregcells interact intimatelywithDCs.302 Immunity 28, March 2008 ª2008 ElsevieIn this issue of Immunity, Sarris et al.
(2008) reveal that naturally occurring
CD4+CD25+ Treg cells and naive Th cells
interact differently with iDCs in vitro.
Using time-lapse video microscopy, they
find that the frequency of Treg cells form-
ing long interaction with iDCs (>400 s) is
twice as high as that of Th cells. These
differences appear to be independent of
T cell receptor (TCR) repertoires. In con-
trast, both short and long contacts
between DCs and T cells are dependent
on MHC class II-peptide-TCR and on the
interactions of adhesion molecules
ICAM-1 and LFA-1 in the steady state,
because blockade of these interactions
markedly decreases the DC contact with
both Th and Treg cells. Importantly, they
show that Foxp3-transduced Th cells
also gain the adhesive property compara-
ble to that of Treg cells. There are several
cell-surface molecules identified that are
inducible by Foxp3 expression, including
GITR, folate receptor 4, CD25, CTLA-4,
and Neuropilin-1 (Nrp-1) (Hill et al., 2007).
Among them, Sarris et al. (2008) focus on
Nrp-1, which is expressed on Treg cells
but not naive Th cells. Nrp-1 has initially
been identified as a ligand-binding recep-
tor for class III semaphorins (Kolodkin
et al., 1997). Nrp-1 forms the receptor
complexes with some members of the
plexin A family, which deliver semaphorin
signals necessary for axon guidance in
the nervous system. The interactions of
semaphorins and their receptors are also
known to be involved in immune re-
sponses (Suzuki et al., 2008). Sarris et al.
(2008) show that antibody-mediated
blockade of Nrp-1 reduces the number of
long interactions between Treg cells and
DCs. Furthermore, retroviral introductionr Inc.of Nrp-1 endows Th cells with an ability to
have long interactions with iDCs. There-
fore, Nrp-1 on Treg cells is at least one
candidate for inducing intimate contact
with iDCs (Figure 1).
The next question is whether Nrp-1 is
directly involved in the interaction of Treg
cells with DCs. To address this issue,
they investigate the immunological syn-
apse formation between T cells and iDCs
by reconstituting 3D images of the contact
face via confocal microscopy. They cate-
gorize the iDC-T cell contact into (1) orga-
nized synapses, (2) close contacts, and (3)
loose contacts, according to the grade
of a formation of central supramolecular
activation cluster (cSMAC) and peripheral
SMAC (pSMAC). Nearly half of the applied
Treg cells can conjugate with iDCs, and
the frequency of organized synapses of
Treg cells and DCs is higher than that of
Th cells and DCs. Notably, Nrp-1 prefer-
entially localizes into the pSMAC region
in Treg cells, and the frequency of Nrp-
1-transduced Th cells forming organized
synapses is comparable to Treg cells,
indicating that Nrp-1 functions as a com-
ponent of the immunological synapse.
Can the Nrp-1-mediated long contact
between T cells and DCs influence T cell
functions? The authors show that the
stimulation of Nrp-1-expressing naive Th
cells with antigen-bearing iDCs results in
higher NF-kB transcriptional activity and
enhanced cell growth compared to those
of control Th cells. In addition, Nrp-1 also
plays a role in the inhibitory activity of Treg
cells because antibody-mediated block-
ing of Nrp-1 releases the suppressive
effect of Treg cells. Interestingly, when
lipopolysaccharide is included in this
culture system, the long interaction of Th
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PreviewsFigure 1. Neuropilin-1-Mediated Long Contact between Regulatory T Cells and DCs
Under steady-state conditions, T cells make contact with DCs, which is mediated by the interaction be-
tween TCR and MHC class II-presenting self-peptide, and also the interaction between LFA-1 and
ICAM-1. Regulatory T cells can contact with DCs longer than naive helper T cells, as described by Sarris
et al. (2008). Neuropilin-1 may contribute to this long contact of regulatory T cells, possibly through its ho-
motypic interaction. Neuropilin-1 accumulates in peripheral SMAC of the immunological synapse between
regulatory T cells and DCs.cells with DCs is restored and the differ-
ence of contact time between Treg cells
and Th cells disappears. These findings
suggest that Nrp-1 can confer a relatively
high adhesive property on Treg cells in
their interaction with iDCs under steady
state; however, Treg cells loose this prop-
erty in inflammatory conditions.
Thus, Sarris et al. (2008) have provided
evidence for the advantage of Treg cells
over Th cells in terms of T cell-DC interac-
tion in the steady-state conditions. How-
ever, several questions remain. First, the
ligand for Nrp-1 is not determined. It has
been previously proposed that the homo-
typic interaction of Nrp-1 may be involved
in T cell-DC contact (Tordjman et al.,
2002). Indeed, the authors show that the
individual pretreatment of either Treg cells
or iDCs with anti-Nrp-1 reduces the fre-
quency of long contact between them,
and they propose that the long contact
between Treg cells and iDCs is mediated
by Nrp-1 homotypic interaction (Figure 1).
However, so far there has been no solid
molecular evidence for homotypic inter-
action of Nrp-1. In addition, Sema3A,
a well-known ligand for Nrp-1, is reported
to be inducible in both DCs and T cellsand to be involved in negative regulation
of T cell activation (Lepelletier et al.,
2006). As described above, Nrp-1 forms
the receptor complexes for class III
semaphorins together with plexin A1 or
plexin A4. Therefore, further investigation
will be necessary to determine detailed
mechanisms by which Nrp-1 mediated
the interaction of Treg cells with DCs.
The second question is whether Nrp-1 is
exclusively responsible for the long inter-
action with DCs. Of note, engagement of
CTLA-4 has been proposed to increase
clustering of LFA-1 and to allow enforced
adhesion to DCs (Schneider et al., 2005).
Therefore, it is possible that CTLA-4 on
Treg cells activates LFA-1 and also con-
tributes to the stable contact with DCs.
The third question is whether the long
contact between Treg cells and iDCs af-
fects the modulation of iDC functions.
Treg cells mediate their suppressive ac-
tivity by inducing the expression of IDO
in DCs. In addition, Treg cells can induce
B7-H4 expression by DCs, which regu-
lates T cell responses negatively. Pheno-
typic change of DCs lacking stable con-
tact with Treg cells is worthy of further
study. Lastly, can these findings in thisImmunstudy be applicable to Treg cell-DC inter-
action in vivo? The recent in vivo study
has shown that stable contact of anti-
gen-specific Treg cells and DCs influ-
ences the dynamics of Th cell-DC con-
tact. This is consistent with the data by
Sarris et al. (2008) showing that Foxp3-
expressing TCR-transgenic T cells can
form much higher contact with iDCs in
the presence of antigen than those in the
absence of antigen. However, Treg cells
are highlymotile in the absence of antigen,
and thus far, its motility is indistinguish-
able from that of Th cells in vivo (Tang
et al., 2006). Although there are still a num-
ber of questions to be clarified, Sarris et al.
(2008) have revealed a mechanism for the
regulation of Treg cell functions. The in-
volvement of Nrp-1 in the differential con-
tact activity of Treg and Th cells provides
further insight into Treg cell-mediated
maintenance of self-tolerance.
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